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Abstract 
Silicon is a semiconductor material that has been widely used in sensors and other electronic equipments. Bamboo leaf is an 
agro-waste that can be a potential source of silicon in Indonesia due to its abundance and its easy cultivation. The objective was 
to study the effect of temperature rate, acid leaching, and the Mg:SiO2 ratio to the silicon characterization and its potential to be 
applied as basic material in sensor development of satellite technology. This study consists of two stages, namely reducing 
silicon dioxide (silica) with magnesium at Mg:SiO2 ratios of 49:60 and 51:60 with temperature rates of 5, 7, and 9 °C/min; and 
leaching the silicon with HCl 3% and then heating it in a furnace. Silica in this study has reached purity level of 74.49%. Silicon 
at Mg:SiO2 ratio of 49:60 and rates of 5, 7, and 9 °C/min resulted in purity levels of 0.52, 6.41, and 4.16%, respectively. While, 
silicon at Mg:SiO2 ratio of 51:60 and rates of 5 and 9 °C/min have not been formed and at rate of 7 °C/min, the purity level of 
silicon was 1.61%. From these purity values, it was still needed a further development in improving purity level of silicon from 
bamboo leaf. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the LISAT-FSEM Symposium Committee. 
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1. Introduction 
Sensors with silicon base material have been developed such as a temperature and light sensors due to its 
semiconductor properties. Silicon sensor has the advantage in their extreme stability over time and over extreme 
environmental conditions. This is because silicon is an inherently stable element, especially in its crystalline form. 
The crystal structure that makes up a silicon-based sensor is literally “rock-solid” [1]. Silicon itself is second largest 
composer of earth, however, silicon also bond in organic materials such as rice husk and bamboo leaf, where they 
are the two largest of silicon dioxide or silica content. 
Bamboo leaves is a potential agro waste, especially in Indonesia which has 143 kinds of bamboo trees and almost 
40 millions groves of bamboo [2], that able to produce silicon dioxide or silica which has the chemical formula of 
SiO2. Silica from organic matter is referred to as bio-silica [3]. The ash content of bamboo leaves or bamboo leaf ash 
(BLA) by 20% with a silica content of 75.90 - 82.86% [4, 5] in which the silica content of bamboo leaf ash is the 
second largest after that of rice husk ash that amounted to 93.2% [6]. However, as shown in Table 1, the percentage 
of impurities in bamboo leaf ash (other compounds besides SiO2) is quite high when compared to the impurities in 
rice husk ash.  
Table 1. Comparison between the compound percentage of rice husk ash and bamboo leaf ash [4] 
Material SiO2 (%) Al2O3 (%) Fe2O3 (%) CaO (%) MgO (%) Na2O (%) K2O (%) Others (%) 
Rice husk ash 93.20 0.40 0.10 1.10 0.10 0.10 1.30 3.70 
Bamboo leaf ash 75.90 4.13 1.22 7.47 1.85 0.21 5.20 4.02 
 
 Silicon, which is included in group IV (four) that has the symbol of Si, atomic number of 14 and has 4 outer 
electrons, is one of the most important elements in human life. Its nature as a semiconductor material is having a 
high role in sophisticated equipment or electronic components such as mobile phones, computers and other as well 
as in the manufacture of solar cells7. Silicon has a density of 2.33 g.cm-3, atomic weight of 28.0855 g.mol-1, boiling 
point of 3265 °C and melting point of 1414 °C. Silicon is not found freely in nature, but in the form of oxide or 
silicon dioxide. Silicon atom forms four covalent bonds with neighboring atoms are arranged symmetrically which 
can be seen in Fig 1. 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
Fig. 1. Two-dimensional structure of crystalline silicon (a) and silicon powder (b) 
There are several ways in silicon reduction from silica. Conventional way of this process is through the carbo-
thermal reduction, where the oxygen is removed by reaction sequences of heterogeneous-homogeneous at a 
temperature of about 3000 oC. SiO2 is heated with coke (carbon) at a temperature of ± 3000 oC in furnace or electric 
furnace. The reaction as follows: 
SiO2(s) + C(s) → Si(l) + 2CO(g) 
The resulting molten silicon removed from the bottom of the furnace and will form a solid. The resulting silicon is 
pure enough and can be used for the alloys manufacture. Silicon with higher purity can be retrieved by heating the 
silicon and chloride gas. The reaction is: 
Si(s) + 2Cl2(g) → SiCl4(l) 
The molten SiCl4 then reduced to Si by heating SiCl4 with H2 or Mg. The reaction is: 
SiCl4 + 2H2 → Si + 4HCl 
SiCl4 + 2Mg → Si + 2MgCl2 
Electron 
Valence electron 
Covalent bond Core 
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There is also a more simple way by using magnesium as a reducing agent and reacted it with silica. Singh and 
Dindhaw [8] reported that to obtain silicon from rice husk ash at a temperature of 800 °C, followed by treatment 
with acid leaching. Bose et al. [9] stated that the silicon powder can be obtained from reduction of magnesium and 
rice husk ash at temperature of 600-650 °C. In addition, Banerjee et al. [10] and Ikram and Akhter [11] also 
conducted silicon reduction using magnesium which is accompanied by the addition of acid in an inert atmosphere. 
This reduction using the principle of stoichiometry with the following equation: 
SiO2 + 2Mg → Si + 2MgO 
 In this study, silicon reduction is conducted by reacting magnesium powder and silica of bamboo leaf ash and 
leaching the mixture with acid solution, and also heating it in a furnace in various treatments. 
2. Experimental 
First, silicon dioxide reduction was conducted by ashing the bamboo leaves in two stages, first by combusting the 
dried bamboo leaves and then ashing the charcoal/carbon using a furnace. The bamboo leaves combustion was 
conducted by referring Dwivendi’s research [4]. Dried bamboo leaves were weighed and burned in open space. 
Then the charcoal was ashed in a furnace at a temperature of 400 °C which was then raised to a temperature of 
950 °C with holding time of 1 hour. After the ash was formed, the ash then weighed and leached with hydrochloric 
acid (HCl) 3% technical. The leaching process was done as follows: first the ashes put in a beaker, then mixed with 
hydrochloric acid (HCl) 3% technical and then filtered after heated on the hotplate at a temperature above 200 °C at 
a speed of 240 rpm. The filtrate was then heated in a furnace to a temperature of 1000 °C to obtain a powder of 
silicon dioxide. 
Silicon reduction was conducted by adopting silicon reduction of rice hush [12, 13, 14]. Initially, the resulted of 
silica powder was sieved using a sieve of 150 μm or 100 mesh, then the silica sample was mixed well with 
magnesium powder with the Mg : SiO2 ratio of 49:60 and 51:60, and then burned in a furnace until it reaches a 
temperature of 650 oC which was held for 1 hour at temperature rates of  3, 5, and 7 °C/min. Once heated in the 
furnace and then the mixture of silica and magnesium was washed with hydrochloric acid (HCl) 3% technical. 
Sample (silica + Mg) was inserted into the beaker to be leached with HCl 3% technical, then closed using a watch 
glass and heated on the hotplate (arranged at temperature of 200 °C) while stirred with a magnetic stirrer at a speed 
of 240 rpm for 2 hours. Then, the sample was leached with hot distilled water so that the free acid and filtered with 
ash-free paper and dried in a furnace at 110 °C for 12 hours. Then the results of all tested were characterized by 
using Energy Dispersive X-ray (EDX), that integrated with Scanning Electron Microscopy (SEM), to obtain the 
purity level of silicon dioxide and silicon. 
3. Result and Discussion 
3.1. Characterization of Purity Level of Silicon Dioxide 
 
The elements are determined in silica sample by using EDX device of IVO Zeiss detector Bruker 133 eV 
Germany integrated with Scanning Electron Microscopy (SEM) in which from this measurement, the purity level of 
silica can be measured. Fig 2 shows the result of silica characterization and from the data of atoms percentages, the 
purity level are calculated as follows:  
Based on atoms percentages: 
x To obtain SiO2 = 100% has conditions: Oxygen  : 66.67% 
Silicon  : 33.33% 
x From EDX data, values of Oxygen > 66.67% and Silicon < 33.33% 
x So, SiO2 has three atoms (1 atom of Si and 2 atom of O) 
x The purity of SiO2  = atom % of Si + (2 x atom % of Si)  
= 24.83% + (2 x 24.83%) 
= 24.83% + 49.66% = 74.49% 
311 Aminullah et al. /  Procedia Environmental Sciences  24 ( 2015 )  308 – 316 
The above calculation indicates that the purity level of silica is 74.49%. Aluminum element has not been found 
anymore. The purity level of silica in bamboo leaf ash has closed to the expected purity of silica of 99.9%. The 
presence of impurities or other compounds besides SiO2 in the tested bamboo leaf ash sample was due to the 
resulted purity level of 74.49%. It is alleged that in the leaching process with 3% HCl acid was not optimal or was 
not able to completely dissolve the impurities such as Al2O3, Rb2O, and Fe2O3. In addition, high percentages of the 
impurities in bamboo leaf ash, which are about 10-12 times higher than that in rice husk ash4 lead to the expected 
purity level has not been reached. 
Fig. 2. EDX Characterization of silicon dioxide 
3.2. Characterization of Purity Level of Silicon 
Six samples of silicon which were characterized by using EDX to determine the purity level of silicon can be 
seen at Fig 3 – 8.  The calculation as follows: 
Example of silicon purity calculation (Si_3): 
 The silicon purity is calculated as follows: 
- To obtain SiO2 = 100% has conditions: 
Oxygen  : 66.67% 
Silicon  : 33.33% 
- From EDX data, values of Oxygen (56.65%) < 66.67%  
- So:  
MgO  : 3.90% Mg + 3.90% O Al2O3  : 2.37% Al + 3/2 x 2.37% O Si  : ½ (46.29%) : 23.14 %  
K2O    : 0.49% K + (0.49%/2) O Rb2O  : 2.78% Rb + 2.78%/2 O Si  : 29.55% - 23.14% : 6.41%  
Fe2O3  : 0.85% Fe + 3/2 x 0.85% O Oxygen : 56.65% - 10.36% : 46.29%  
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Fig 3 – 8 indicate that the samples of Si_1, Si_2, Si_3, Si_4, Si_5, and Si_6 produce the purity levels of 0.52, -, 
6.41, 1.61, 4.16, and -%, respectively. Low purity levels of silicon were suspected due to the technological process 
which used in this study, i.e. adopts silicon reduction of rice husk that has been developed in IPB [13], was not 
suitable enough to the characteristics of bamboo leaves. As mentioned in the previous chapter that the impurities 
level in bamboo leaf ash is about 10 - 12 times higher than that in rice husk ash [4]. So, it needs to optimize the 
method for reducing silicon to obtain high purity level of silicon and removing the impurities in bamboo leaf ash. In 
addition, in these figures also can be seen that the ratio of Mg:SiO2 = 49:60 at all temperature rates resulted in a 
higher purity level than the ratio of Mg:SiO2 = 5:60. It was also reported by Muzikarno [14], that the higher 
magnesium is used, the lower the purity level of the produced silicon. 
 
 
Fig. 3.  EDX Characterization of Si_1 sample (Mg:SiO2 ratio of 49:60 and temperature rate of 5 oC/min) 
 
From the characterizations of the purity level of silicon dioxide and silicon, it can be seen that bamboo leaf can be 
utilized as a potential silicon dioxide and silicon source especially in Indonesia while the optimization is still needed 
to obtain high purity level and then this high purity level of silicon can be processed to the next stages such as 
manufacturing silicon wafer as basic material for making sensor that can be applied in satellite technology in the 
form of sensor or other product such as solar cell that can be applied as a battery for the satellite. 
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Fig. 4.  EDX Characterization of Si_2 sample (Mg:SiO2 ratio of 51:60 and temperature rate of 5 oC/min) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.  EDX Characterization of Si_3 sample (Mg:SiO2 ratio of 49:60 and temperature rate of 7 oC/min) 
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Fig. 6.  EDX Characterization of Si_4 sample (Mg:SiO2 ratio of 51:60 and temperature rate of 7 oC/min) 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.  EDX Characterization of Si_5 sample (Mg:SiO2 ratio of 49:60 and temperature rate of 9 oC/min)  
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Fig. 8.  EDX Characterization of Si_6 sample (Mg:SiO2 ratio of 51:60 and temperature rate of 9 oC/min) 
 
4. Conclusion 
The purity level of silicon dioxide in this study is high enough (around 75%) although it needs to be further 
developed to obtain the expected silicon dioxide purity of 99.9%. On the other side, the purity levels of silicon was 
not good enough which was still below 10% and the impurities were still presence in the samples. These conditions 
need to be optimized using technological process to obtain the expected purity and to remove the impurities such as 
aluminum oxide and ferrum oxide. However, this silicon from bamboo leaves have the potential as silicon source 
from organic materials besides rice husk. By using a proper method, this silicon can be developed further into the 
next stages and use it as basic material in development of sensors manufacture in satellite technology. 
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